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LIGHT EMITTING DEVICE AND ELEMENT 
SUBSTRATE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a light emitting device 

comprising a plurality of pixels each including a light 
emitting element and a unit for supplying current to the light 
emitting element. 

2. Description of the Related Art 
Since a light emitting element emits light by itself, it is 

highly visible and does not require a back light Which is 
needed in a liquid crystal display device (LCD). Therefore, 
it is suitably applied to thin devices and not restricted in 
vieWing angles. Because of these advantages, a light emit 
ting device having light emitting elements has recently been 
draWing attentions as an alternative display device to a CRT 
and an LCD, and practically applied to an electronic device 
such as a mobile phone or a digital still camera. 
The light emitting device can be classi?ed into a passive 

matrix type and an active matrix type. The active matrix 
light emitting device can maintain a current supply to a light 
emitting element to some extent even after a video signal 
input, therefore, a larger siZe and higher de?nition of a panel 
can be realiZed, Which is becoming the mainstream in recent 
years. The speci?c pixel con?gurations of an active matrix 
light emitting device Which are proposed are different 
among manufacturing corporations of light emitting devices, 
and various technologies With distinctive characteristics 
have been studied and developed by them. Typically, a pixel 
includes at least a light emitting element, a transistor for 
controlling a video signal input to the pixel, and a transistor 
for supplying current to the light emitting element. 
As an obstruction to the practical application of the light 

emitting device, a luminance decay due to degradation of 
light emitting materials can be noted. The rate of degrada 
tion of the light emitting materials depends on the emission 
period or the current amount supplied to the light emitting 
element. Therefore, When a gray scale differs among pixels 
in each displayed image, the rate of degradation of the light 
emitting elements vary among pixels, leading to variations 
in luminance. Patent Document 1 discloses a method for 
suppressing the luminance decay by maintaining drain cur 
rent of a transistor for controlling a current amount supplied 
to a light emitting element constant When it is ON regardless 
of the degradation of a light emitting layer by operating the 
transistor in a saturation region. 

Patent Document 1 
Japanese Patent Laid-Open No. 2002-108285 
HoWever, drain current of a transistor operating in a 

saturation region is largely in?uenced by small variations in 
its gate-source voltage (gate voltage) Vgs, Which varies 
luminance of a light emitting element. Therefore, When 
operating the transistor in a saturation region, its gate 
voltage Vgs has to be prevented from varying While the light 
emitting element emits light. 

HoWever, When OFF-current of a transistor for controlling 
a video signal input to a pixel is large, its gate voltage Vgs 
easily varies With the potential change of a video signal 
Which is input to other pixels. In order to prevent the 
variations of the gate voltage, it is required that the storage 
capacity of a capacitor disposed betWeen the gate and source 
of the transistor is increased or OFF-current of the transistor 
for controlling a video signal input to a pixel is suppressed 
loW. HoWever, the area occupied by the capacitor is prefer 
ably small in order to prevent leak current betWeen elec 
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2 
trodes due to the dust or drop in yield. Further, it is quite 
dif?cult to optimiZe the manufacturing process of a transis 
tor so as to suppress OFF-current of a transistor for con 

trolling a video signal input to a pixel loW and to increase 
ON-current of the transistor to charge large capacitance 
since it requires high cost and time. Further, the gate voltage 
Vgs of the transistor for controlling a current amount 
supplied to a light emitting element easily varies With the 
sWitching of other transistors or the potential change in a 
signal line and a scan line due to the parasitic capacitance of 
the gate of the transistor. 

SUMMARY OF THE INVENTION 

In vieW of the foregoing problems, the invention provides 
a light emitting device using transistors Which are manufac 
tured by the conventional process While reducing an area 
occupied by capacitors, Whereby variations in luminance of 
light emitting elements caused by variations in gate voltage 
Vgs of transistors for controlling a current amount supplied 
to the light emitting elements are suppressed, and a lumi 
nance decay of the light emitting elements due to the 
degradation of light emitting materials and variations in 
luminance can also be suppressed. 
The light emitting device of the invention comprises 

pixels each including at least a light emitting element, a ?rst 
transistor (sWitching transistor) for controlling a video signal 
input to the pixel, second and third transistors (?rst current 
controlling transistor and second current controlling transis 
tor) Whose drains are connected to each other, and a fourth 
transistor (driving transistor) for controlling a current 
amount supplied to the light emitting element according to 
each drain potential of the second and third transistors. 

Each of the second and third transistors operates in such 
a manner that either one is turned ON While the other is 
turned OFF. Speci?cally, the second transistor and the third 
transistor have the opposite conductivity, and the third 
transistor and the fourth transistor have the same conduc 
tivity. 
The source of the second transistor is supplied With at 

least binary potentials (?rst potential and second potential) 
by a driver circuit, the source of the third transistor is 
supplied With a ?xed potential (third potential), and the 
source of the fourth transistor is supplied With a ?xed 
potential (fourth potential). The level of the ?xed potential 
(third potential) Which is supplied to the source of the third 
transistor may be equal to or different from that of the ?xed 
potential (fourth potential) Which is supplied to the source of 
the fourth transistor. In either case, the levels of the third and 
fourth potentials are set so that the fourth transistor is turned 
OFF When the third potential is supplied to the gate of the 
fourth transistor by the third transistor. MeanWhile, the level 
of the ?rst potential is set so that the fourth transistor is 
turned ON When the ?rst potential is supplied to the gate of 
the fourth transistor by the second transistor. On the other 
hand, the level of the second potential is set so that the fourth 
transistor is turned OFF When the second potential is sup 
plied to the gate of the fourth transistor by the second 
transistor. 

According to the invention, the ?rst to third transistors 
operate in a linear region While the fourth transistor operates 
in a saturation region. The operation region (linear region or 
saturation region) of the transistor can be determined by a 
potential supplied to each terminal of the source, drain, and 
gate of each transistor. 
As described above, according to the invention, the gate 

of the driving transistor is not supplied With a potential of a 
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video signal, but supplied With each drain potential of the 
?rst and second current controlling transistors Whose sWitch 
ing is controlled according to the potential of the video 
signal. According to the foregoing con?guration, the gate 
voltage Vgs of a driving transistor in a pixel is prevented 
from varying due to the potential change of a video signal 
Which is input to other pixels. Also, by operating the driving 
transistor in a saturation region, its drain current can be 
determined only by Vgs Without being in?uenced by the 
source-drain voltage (drain voltage) Vds. That is, the ?rst 
and second current controlling transistors only select 
Whether or not to supply current to the light emitting 
element, and a current amount supplied to the light emitting 
element is determined by the driving transistor Which oper 
ates in a saturation region. 

Therefore, it is possible to prevent current supplied to the 
light emitting element from varying easily Without increas 
ing the storage capacity of the capacitor Which is disposed 
betWeen the gate and source of the transistor or optimiZing 
a manufacturing process of a transistor so as to suppress 
OFF-current of the transistor for controlling a video signal 
input to a pixel loW. Thus, cause of variations is reduced and 
the image quality is thus enhanced to a great extent. 

Also, by operating the driving transistor in a saturation 
region, its drain current is maintained relatively at a constant 
value even When the Vds becomes smaller due to the 
degradation of the light emitting element in place of the 
voltage Vel increasing, Which is applied betWeen the elec 
trodes of the light emitting element. Therefore, a luminance 
decay is suppressed loW even When the light emitting 
element degrades. Further, since it is not necessary to 
optimize the manufacturing process of a transistor in order 
to suppress OFF-current of the transistor for controlling a 
video signal input to a pixel loW, the process can be 
simpli?ed, leading to the cost reduction and improvement in 
yield. 

It should be noted that L (channel length) of the driving 
transistor may be longer than W (channel Width) thereof, and 
each L of the ?rst and second current controlling transistors 
may be each equal to or shorter than W thereof. More 
preferably, the ratio of the L to W of the driving transistor is 
?ve or more. According to the foregoing structure, variations 
in luminance of light emitting elements among pixels can be 
further suppressed. Further, provided that L of the driving 
transistor is L1 and W thereof is W1, and L of the ?rst and 
second current controlling transistors is L2 and W thereof is 
W2, When L1/W1:L2/W2:X:l, X is desirably from 5 to 
6000. When X:6000 for example, it is desirable that 
L1/W1:500 rim/3 um and L2/W2:3 uni/100 pm. 

In addition, a light emitting element in this speci?cation 
indicates an element Whose luminance is controlled by 
current or voltage, and it includes an OLED (Organic Light 
Emitting Diode), an MIM electron source element (electron 
discharge element) Which is used in an FED (Field Emission 
Display), and the like. 

Also, the light emitting device of the invention includes a 
panel including light emitting elements and a module 
obtained by mounting an IC or the like including a controller 
onto the panel. More generally, the invention relates to an 
element substrate Which corresponds to a condition before 
the completion of light emitting elements in manufacturing 
steps of the light emitting device, and the element substrate 
comprises a plurality of pixels each including a unit for 
supplying current to a light emitting element. 
An element substrate corresponds to a condition before 

the completion of light emitting elements in manufacturing 
steps of the light emitting device of the invention. Speci? 
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4 
cally, it may be a, condition in Which only a pixel electrode 
of the light emitting element is formed, the condition after 
a conductive ?lm to be a pixel electrode is deposited and 
before it is patterned to form the pixel electrode, or the like. 
An OLED (Organic Light Emitting Diode) includes an 

anode layer, a cathode layer, and a layer containing a light 
emitting material (hereinafter referred to as a light emitting 
layer) that generates luminescence (electroluminescence) 
When an electric ?eld is applied thereto. The light emitting 
layer is provided betWeen the anode and the cathode, and it 
comprises a single or multiple layers. These layers may 
contain an inorganic compound. The electroluminescence in 
the light emitting layer includes luminance (?uorescence) 
that is generated When an excited singlet state returns to a 
ground state and luminance (phosphorescence) that is gen 
erated When an excited triplet state returns to a ground state. 
A transistor used in the light emitting device of the 

invention may be a thin ?lm transistor using polycrystalline 
silicon or amorphous silicon. HoWever, the invention is not 
limited to thin ?lm transistors and it may be a transistor 
formed by using single crystalline silicon or an SOI, or a 
transistor using, an organic semiconductor or a carbon 
nanotube. In addition, a transistor disposed in a pixel of the 
light emitting device of the invention may be a single-gate 
transistor, a double-gate transistor, or a multi-gate transistor 
having more than tWo gate electrodes. 

According to the con?guration of the invention as set 
forth above, current supplied to the light emitting element is 
prevented from varying even Without increasing the storage 
capacity of the capacitor Which is disposed betWeen the gate 
and source of the ?rst and second current controlling tran 
sistors or suppressing OFF-current of the switching transis 
tor loW. In addition, it is not in?uenced by the parasitic 
capacitance of the gate of the ?rst and second current 
controlling transistors, Which Will decrease cause of varia 
tions and thus enhance the image quality to a great extent. 

Also, by operating the driving transistor in a saturation 
region, its drain current is maintained relatively at a constant 
value even When the Vds becomes smaller due to the 
degradation of the light emitting element in place of the 
voltage Vel increasing, Which is applied betWeen the elec 
trodes of the light emitting element. Therefore, a luminance 
decay is suppressed loW even When the light emitting 
element degrades. Further, since it is not necessary to 
optimiZe the manufacturing process of a transistor in order 
to suppress OFF-current of the transistor for controlling a 
video signal input to a pixel loW, the process can be 
simpli?ed, leading to the cost reduction and improvement in 
yield. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs an embodiment mode of a pixel of the light 
emitting device of the invention. 

FIGS. 2A and 2B shoW pattern diagrams each shoWing an 
operation of the pixel shoWn in FIG. 1. 

FIGS. 3A and 3B shoW pattern diagrams each shoWing an 
operation of the pixel shoWn in FIG. 1. 

FIG. 4 shoWs a block diagram of the light emitting device 
of the invention. 

FIG. 5 shoWs a timing chart of a potential Which is 
supplied to ?rst and second scan lines, Which shoWs a timing 
of a display period and an erase period. 

FIG. 6 shoWs an embodiment mode of a pixel of the light 
emitting device of the invention. 

FIGS. 7A and 7B shoW cross-sectional diagrams of a pixel 
of the invention. 
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FIGS. 8A and 8B show cross-sectional diagrams of a pixel 
of the invention. 

FIG. 9 shows a cross-sectional diagram of a pixel of the 
invention. 

FIGS. 10A and 10B show con?gurations of a module of 
a light emitting device which is incorporated in a mobile 
phone. 

FIGS. 11A to 11E show examples of electronic devices to 
which the light emitting device of the invention is applied. 

FIG. 12 shows a top plan view of a pixel of the light 
emitting device of the invention. 

FIG. 13 shows an embodiment mode of a pixel of the light 
emitting device of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Embodiment modes and embodiments of the invention 
will be hereinafter described with reference to the accom 
panying drawings. 
Embodiment Mode l 

Described in this embodiment mode is a pixel of the light 
emitting device of the invention as an example. 

FIG. 1 shows a circuit diagram of a pixel of this embodi 
ment mode. The pixel includes a switching transistor 101, a 
?rst current controlling transistor 10211, a second current 
controlling transistor 102b, a driving transistor 103, a light 
emitting element 104, and a capacitor 105. It should be noted 
that the capacitor 105 is not necessarily disposed in the pixel 
of the light emitting device according to the invention. 

The gate of the switching transistor 101 is connected to a 
?rst scan line Gaj (jIl to y), and either the source or the 
drain thereof is connected to a signal line Si (iIl to x) and 
the other is connected to each gate of the ?rst and second 
current controlling transistors 102a and 10219. The switching 
transistor 101 may be either an N-channel transistor or a 
P-channel transistor. 

Either of the ?rst current controlling transistor 10211 or the 
second current controlling transistor 10219 is a P-channel 
transistor and the other is an N-channel transistor. FIG. 1 
shows the case in which the ?rst current controlling tran 
sistor 10211 is an N-channel transistor and the second current 
controlling transistor 10219 is a P-channel transistor. The 
source of the ?rst current controlling transistor 10211 is 
connected to a second scan line Gbj (1:1 to y) and the source 
of the second current controlling transistor 10219 is con 
nected to a power supply line V1 (iIl to x) The drains of the 
?rst current controlling transistor 102a and the second 
current controlling transistor 10219 are connected to each 
other and also to the gate of the driving transistor 103. 
One of the two electrodes of the capacitor 105 is con 

nected to each gate of the ?rst current controlling transistor 
102a and the second current controlling transistor 102b, and 
the other is connected to the power supply line Vi. The 
capacitor 105 is disposed so as to store gate voltages of the 
?rst current controlling transistor 102a and the second 
current controlling transistor 10219 when the switching tran 
sistor 101 is not selected (OFF-state). 
The driving transistor 103 is connected to the power 

supply line Vi and the light emitting element 104 so that its 
drain current is supplied to the light emitting element 104. 
In this embodiment mode, the source of the driving transis 
tor 103 is connected to the power supply line Vi and the 
drain thereof is connected to one of the two electrodes of the 
light emitting element 104. The driving transistor 103 has 
the same conductivity as that of the second current control 
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6 
ling transistor 1021). Therefore, the driving transistor 103 is 
a P-channel transistor as well as the second current control 
ling transistor 1021). 

According to the invention, the driving transistor 103 
operates in a saturation region while the switching transistor 
101, the ?rst current controlling transistor 102a and the 
second current controlling transistor 102b operate in a linear 
region. Also, L (channel length) of the driving transistor 103 
is longer than its W (channel width), and more preferably, 
the ratio of the L to W of the driving transistor 103 is ?ve 
or more. According to the foregoing structure, variations in 
luminance of the light emitting elements 104 among pixels 
due to variations in characteristics of the driving transistors 
103 can be suppressed. Further, it is desirable that the ?rst 
current controlling transistor 102a and the second current 
controlling transistor 10219 are each designed to have L equal 
to or shorter than W thereof. 
The light emitting element 104 includes an anode, a 

cathode, and a light emitting layer sandwiched between 
them. When the driving transistor 103 is a P-channel tran 
sistor, it is preferable that the anode of the light emitting 
element 104 is connected to the drain of the driving tran 
sistor 103. On the other hand, when the driving transistor 
103 is an N-channel transistor, it is preferable that the 
cathode of the light emitting element 104 is connected to the 
drain of the driving transistor 103. In either case, either one 
of the electrodes which is connected to the drain of the 
driving transistor 103 corresponds to a pixel electrode and 
the other electrode corresponds to a counter electrode. 

Each of the power supply line Vi and the counter electrode 
of the light emitting element 104 is supplied with a different 
?xed potential. These two potentials are set to have levels so 
that current ?ows into the light emitting element 104 in the 
forward bias direction when the driving transistor 103 is ON. 
A driving method of the pixel shown in FIG. 1 is 

described now. The operation of the pixel shown in FIG. 1 
can be divided into a write period, a data storage period, and 
an erase period. 

FIG. 2A schematically shows an operation of the pixel in 
the case where the light emitting element 104 emits light in 
the write period. As shown in FIG. 2A, when the ?rst scan 
line Gal (jIl to y) is selected in the write period, the 
switching transistor 101 whose gate is connected to the ?rst 
scan line Gaj (jIl to y) is turned ON. Then, a video signal 
which has been input to the signal line Si (iIl to x) is input 
to each gate of the ?rst current controlling transistor 102a 
and the second current controlling transistor 10219 through 
the switching transistor 101. 

In the case of FIG. 2A, the ?rst current controlling 
transistor 10211 is turned ON while the second current 
controlling transistor 10219 is turned OFF by a video signal. 
Through the ?rst current controlling transistor 10211 which is 
turned ON, a potential of the second scan line Gbj (jIl to y) 
is supplied to the gate of the driving transistor 103. The 
second scan line Gbj in the write period is supplied with a 
potential (?rst potential) which has high level enough to turn 
ON the driving transistor 103. Speci?cally in this embodi 
ment mode, the driving transistor 103 is, as it is a P-channel 
transistor, supplied with the ?rst potential (denoted by Lo) 
which is lower than the sum of the threshold voltage and the 
potential (third potential) of the power supply line Vi so that 
the gate voltage Vgs thereof becomes lower than the thresh 
old voltage. When the driving transistor 103 is turned ON, 
a drain current of the driving transistor 103 is supplied to the 
light emitting element 104, thus it emits light. 

FIG. 2B schematically shows an operation of the pixel in 
the case where the light emitting element 104 emits no light 
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in the write period. As in FIG. 2A, when the ?rst scan line 
Gaj (jIl to y) is selected in the write period, the switching 
transistor 101 whose gate is connected to the ?rst scan line 
Gaj (jIl to y) is turned ON. Then, a video signal which has 
been input to the signal line Si (iIl to x) is input to each gate 
of the ?rst current controlling transistor 102a and the second 
current controlling transistor 10219 through the switching 
transistor 101. 

In the case of FIG. 2B, the ?rst current controlling 
transistor 10211 is turned OFF while the second current 
controlling transistor 10219 is turned ON by a video signal. 
Through the second current controlling transistor 10211 
which is ON, the potential (third potential) of the power 
supply line Vi (iIl to x) is supplied to the gate of the driving 
transistor 103. Then, the driving transistor 103 is turned OFF 
since the source and the gate thereof are electrically con 
nected to each-other, which means no drain current thereof 
is supplied to the light emitting element 104, thus it emits no 
light. 
An operation of the pixel in the data storage period is 

described now. In the data storage period, the ?rst scan line 
Gaj is not selected and the switching transistor 101 is thus 
turned OFF. The potential supply to the second scan line Gbj 
is kept on from the write period through this period. Also, 
the switching of each of the ?rst current controlling tran 
sistor 102a and the second current controlling transistor 
10219 is maintained according to the video signal which has 
been input in the write period. 

FIG. 3A schematically shows an operation of the pixel in 
the data storage period in the case where the operation 
shown in FIG. 2A is performed in the write period. Speci? 
cally, when the ?rst current controlling transistor 102a is ON 
while the second current controlling transistor 10219 is OFF 
as shown in FIG. 2A, the operation is kept on through the 
data storage period, thus the light emitting element 104 
keeps on emitting light. Meanwhile, though not shown, 
when the ?rst current controlling transistor 10211 is OFF 
while the second current controlling transistor 10219 is ON as 
shown in FIG. 2B, the operation is kept on through the data 
storage period, thus the light emitting element 104 keeps on 
emitting no light. 

The operation of the pixel in the erase period is described 
now. In the erase period, the light emitting elements 104 in 
all the pixels are forced to emit no light regardless of 
whether or not the light emitting element 104 has been 
emitting light in the data storage period. FIG. 3B schemati 
cally shows an operation in the case where an erase period 
is provided to force the light emitting element 104 to emit no 
light after the data storage period in which it emits light as 
shown in FIG. 3A. 

In the erase period, the switching transistor 101 is held 
OFF, and the potential supplied to the second scan line Gbj 
changes from the ?rst potential to a second potential which 
has high level enough to turn OFF the driving transistor 103. 
Speci?cally in this embodiment mode, the potential changes 
to the second potential (denoted by Hi) which is higher than 
the sum of the threshold voltage and the potential of the 
power supply line Vi (third potential) since the driving 
transistor 103 is a P-channel transistor. Since the switching 
transistor 101 is OFF at this time, each gate of the ?rst 
current controlling transistor 102a and the second current 
controlling transistor 10219 is in a ?oating state. When the 
potential supplied to the source of the ?rst current control 
ling transistor 102a changes from the ?rst potential to the 
second potential, the gate potential thereof becomes higher 
ideally by the potential difference between the ?rst potential 
and the second potential since the ?rst current controlling 
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8 
transistor 10211 has the gate-source capacitance. Therefore, 
even when the potential supplied to the source of the ?rst 
current controlling transistor 102a changes from the ?rst 
potential to the second potential, the ?rst current controlling 
transistor 10211 which is an N-channel transistor is turned 
ON and the second current controlling transistor which is a 
P-channel transistor is turned OFF. Thus, the second poten 
tial of the second scan line Gbj is supplied to the gate of the 
driving transistor 103 through the ?rst current controlling 
transistor 102a. 

Meanwhile, when providing the erase period after the ?rst 
current controlling transistor 10211 is turned OFF while the 
second current controlling transistor 10219 is turned ON in 
the write period and also after the data storage period, the 
source potential of the ?rst current controlling transistor 
102a corresponds to the second potential, and the source 
potential of the second current controlling transistor 102b 
corresponds to the potential (third potential) of the power 
supply line Vi. Therefore, in either case in which the ?rst 
current controlling transistor 10211 is ON or the second 
current controlling transistor 10219 is ON, the gate of the 
driving transistor 103 is held OFF, thus the light emitting 
element 104 keeps on emitting no light in the erase period. 
As set forth above, the light emitting element 104 keeps 

on emitting no light regardless of a video signal in the erase 
period, while in the total period (hereinafter referred to as a 
display period) of the write period and the data storage 
period, the emission or the non-emission of the light emit 
ting element 104 is selected according to a video signal. The 
gray scale display can be performed by selecting emission 
periods among all the display periods within one frame by 
a video signal, thereby controlling the total emission period 
of the light emitting element 104. 

Therefore, it is possible to prevent current supplied to the 
light emitting element 104 from varying easily without 
increasing the storage capacity of the capacitor 105 which is 
disposed between each gate and source of the ?rst current 
controlling transistor 102a and the second current control 
ling transistor 102b or optimiZing a manufacturing process 
of a transistor so as to suppress OFF-current of the switching 
transistor 101. Further, the current supplied to the light 
emitting element 104 is not in?uenced by the parasitic 
capacitance of each gate of the ?rst current controlling 
transistor 102a and the second current controlling transistor 
1021). Thus, cause of variations is reduced and the image 
quality is thus enhanced to a great extent. 

Also, by operating the driving transistor 103 in a satura 
tion region, its drain current is maintained relatively at a 
constant value even when Vgs becomes smaller due to the 
degradation of the light emitting element 104 in place of the 
voltage Vel increasing, which is applied between the elec 
trodes of the light emitting element 104. Therefore, a lumi 
nance decay is suppressed low even when the light emitting 
element 104 degrades. Further, since it is not necessary to 
optimiZe the manufacturing process of a transistor in order 
to suppress OFF-current of the transistor for controlling a 
video signal input to a pixel low, the process can be 
simpli?ed, leading to the cost reduction and improvement in 
yield. 

FIG. 4 shows a block diagram of the light emitting device 
of the invention. FIG. 5 shows a timing chart of the ?rst and 
second scan lines provided in the pixel portion of the light 
emitting device shown in FIG. 4, which shows a timing of 
a display period and an erase period. 
The light emitting device shown in FIG. 4 includes a pixel 

portion 201 in which pixels 202 are arranged in matrix, a 
signal driver circuit 203 for controlling a video signal input 
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to signal lines Si to Sx, a ?rst scan driver circuit 204 for 
controlling a potential level Which is supplied to ?rst scan 
lines Gal to Gay, and a second scan driver circuit 205 for 
controlling a potential level Which is supplied to second scan 
lines Gb1 to Gby. Also, poWer supply lines V1 to Vx are 
provided in the pixel portion 201, and the pixel 202 has the 
con?guration as shoWn in FIG. 1. 
As shoWn in FIG. 5, the display period including the Write 

period and the data storage period, and the erase period 
appear at the different timing among each pixel having the 
?rst scan line and the second scan line in common. Although 
the ?rst potential and the second potential Which are sup 
plied to the second scan lines Gb1 to Gby are 0 V and 5 V 
respectively in FIG. 5, the invention is not limited to this. 

It should be noted that the erase period does not neces 
sarily start immediately after the display period, and another 
display period may appear in sequence. In this case, the 
Write period comes once again after the data storage period. 
By providing the erase period, it becomes possible to 
terminate the data storage period in the pixels of a line in 
Which the Write period has appeared ?rst before the Write 
period appears in the pixels of all lines, thereby performing 
a high-level gray scale display While suppressing an opera 
tion frequency of the signal driver circuit. 

Embodiment Mode 2 
Described in this embodiment mode is a pixel con?gu 

ration and is operation of a pixel based on FIG. 1, in Which 
the ?rst current controlling transistor, the second current 
controlling transistor, and the driving transistor have the 
opposite conductivity to those in FIG. 1. 

FIG. 6 shoWs a circuit diagram of a pixel of this embodi 
ment mode. The pixel includes a sWitching transistor 601, a 
?rst current controlling transistor 60211, a second current 
controlling transistor 602b, a driving transistor 603, a light 
emitting element 604, and a capacitor 605. It should be noted 
that the capacitor 605 is not necessarily disposed in the pixel 
of the light emitting device according to the invention. The 
connection betWeen each element shoWn in FIG. 6 is the 
same as in FIG. 1, hoWever, the ?rst current controlling 
transistor 60211, the second current controlling transistor 
602b, and the driving transistor 603 have the opposite 
conductivity to those in FIG. 1. That is, the ?rst current 
controlling transistor 60211 is a P-channel transistor, the 
second current controlling transistor 60219 is an N-channel 
transistor, and the driving transistor 603 is an N-channel 
transistor. In this embodiment mode, a cathode of the tWo 
electrodes of the light emitting element 604 is connected to 
the drain of the driving transistor 603. 

Each of the poWer supply line V1 and the counter electrode 
of the light emitting element 604 is supplied With a different 
?xed potential. These tWo potentials are set to have levels so 
that current ?oWs into the light emitting element 604 in the 
forWard bias direction When the driving transistor 603 is ON. 

The operation of the pixel shoWn in FIG. 6 can be divided 
into a Write period, a data storage period, and an erase 
period. 

HoWever, as the driving transistor 603 is an N-channel 
transistor, the ?rst potential supplied to the second scan line 
Gbj (jIl to y) is set higher than the sum of threshold voltage 
and the potential (third potential) of the poWer supply line Vi 
(iIl to x) so that the gate voltage Vgs of the driving 
transistor 603 becomes higher than the threshold voltage. 

In the erase period, the second potential supplied to the 
second scan line Gbj is set loWer than the sum of the 
threshold voltage and the potential (third potential) of the 
poWer supply line Vi so that the gate voltage Vgs of the 
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driving transistor 603 becomes loWer than the threshold 
voltage. MeanWhile, When the second current controlling 
transistor 6021) Which is an N-channel transistor has been 
OFF since the Write period, it is held OFF even When its gate 
potential becomes loWer. On the other hand, When the 
second current controlling transistor 60219 has been ON 
since the Write period, it is turned OFF When its gate 
potential becomes loWer or held ON depending on the 
threshold voltage. HoWever, in either case of the second 
current controlling transistor 6021) being OFF or ON, the 
driving transistor 603 is held OFF, thus the light emitting 
element 604 keeps on emitting no light in the erase period. 

Embodiment l 
A transistor used in the invention may be a transistor 

formed by using amorphous silicon. In that case, a manu 
facturing process can be simpli?ed as a crystallization 
process is dispensed With, leading to the cost reduction. The 
transistor formed by using amorphous silicon preferably has 
N-type conductivity than P-type as it has higher mobility 
and thus be suitably applied to a pixel of a light emitting 
device. Described in this embodiment is a cross-sectional 
structure of a pixel in Which a driving transistor is an 
N-channel transistor. 

FIG. 7A shoWs a cross-sectional vieW of a pixel including 
an N-channel driving transistor 6001 and a light emitting 
element 6002 from Which light is emitted to an anode 6005 
side. In FIG. 7A, a cathode 6003 of the light emitting 
element 6002 is electrically connected to the drain of the 
driving transistor 6001, and a light emitting layer 6004 and 
the anode 6005 are laminated in this order on the cathode 
6003. The cathode 6003 may be formed by using a known 
material as long as it is a light-re?ective conductive ?lm 
having a loW Work function. For example, Ca, Al, CaF, 
MgAg, AlLi, and the like are desirably used. The light 
emitting layer 6004 may include a single layer or multiple 
layers. When including multiple layers, an electron injection 
layer, an electron transporting layer, a light emitting layer, a 
hole transporting layer, and a hole injection layer are lami 
nated in this order on the cathode 6003. It should be noted 
that not all of these layers are necessarily provided. The 
anode 6005 may be formed of a transparent conductive ?lm 
Which transmits light such as the one comprising ITO or the 
one in Which indium oxide is mixed With 2 to 20% of Zinc 
oxide (ZnO). 
The overlapped portion of the cathode 6003, the light 

emitting layer 6004, and the anode 6005 corresponds to the 
light emitting element 6002. In the case of the pixel shoWn 
in FIG. 7A, light emitted from the light emitting element 
6002 is transmitted to the anode 6005 side as shoWn by an 
outline arroW. 

FIG. 7B shoWs a cross-sectional vieW of a pixel including 
an N-channel driving transistor 6011 and a light emitting 
element 6012 from Which light is emitted to a cathode 6013 
side. In FIG. 7B, the cathode 6013 of the light emitting 
element 6012 is formed on a transparent conductive ?lm 
6017 Which is electrically connected to the drain of the 
driving transistor 6011, and a light emitting layer 6014 and 
an anode 6015 are laminated in this order on the cathode 
6013. A shielding ?lm 6016 Which re?ects or shuts off light 
is formed so as to cover the anode 6015. As for the cathode 
6013, a knoWn material can be used as in FIG. 7A as long 
as it is a conductive ?lm having a loW Work function, and the 
?lm is formed thin enough to transmit light. For example, Al 
having a thickness of 20 nm can be used for the cathode 
6013. The light emitting layer 6014 may include a single 
layer or multiple layers. The anode 6015 may be formed of 
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a transparent conductive ?lm as in FIG. 7A although it is not 
required to transmit light. For the shielding ?lm 6016, a 
light-re?ective metal can be used for example, however, the 
invention is not limited to a metal ?lm. For example, a resin 
doped With black pigment and the like can be used. 

The overlapped portion of the cathode 6013, the light 
emitting layer 6014, and the anode 6015 corresponds to the 
light emitting element 6012. In the case of the pixel shoWn 
in FIG. 7B, light emitted from the light emitting element 
6012 is transmitted to the cathode 6013 side as shoWn by an 
outline arroW. 

Embodiment 2 
Described in this embodiment is a cross-sectional struc 

ture of a pixel in Which a driving transistor is a P-channel 
transistor. 

FIG. 8A shoWs a cross-sectional vieW of a pixel including 
a P-channel driving transistor 6021 and a light emitting 
element 6022 from Which light is emitted to an anode 6023 
side. In FIG. 8A, the anode 6023 of the light emitting 
element 6022 is electrically connected to the drain of the 
driving transistor 6021, and a light emitting layer 6024 and 
a cathode 6025 are laminated in this order on the anode 
6023. The cathode 6025 may be formed by using a knoWn 
material as long as it is a light-re?ective conductive ?lm 
having a loW Work function. For example, Ca, Al, CaF, 
MgAg, AlLi, and the like are desirably used. The light 
emitting layer 6024 may include a single layer or multiple 
layers. When including multiple layers, a hole injection 
layer, a hole transporting layer, a light emitting layer, an 
electron transporting layer, and an electron injection layer 
are sequentially laminated in this order on the anode 6023. 
It should be noted that not all of these layers are necessarily 
provided. The anode 6023 may be formed of a transparent 
conductive ?lm Which transmits light such as the one 
comprising ITO or the one in Which indium oxide is mixed 
With 2 to 20% of Zinc oxide (ZnO). 

The overlapped portion of the anode 6023, the light 
emitting layer 6024, and the cathode 6025 corresponds to the 
light emitting element 6022. In the case of the pixel shoWn 
in FIG. 8A, light emitted from the light emitting element 
6022 is transmitted to the anode 6023 side as shoWn by an 
outline arroW. 

FIG. 8B shoWs a cross-sectional vieW of a pixel in Which 
a driving transistor 6031 is a P-channel transistor and light 
emitted from a light emitting element 6032 is transmitted to 
a cathode 6035 side. In FIG. 8B, an anode 6033, a light 
emitting layer 6034, and the cathode 6035 of the light 
emitting element 6032 are laminated in this order on a 
Wiring 6037 Which is electrically connected to the drain of 
the driving transistor 6031. According to the aforementioned 
structure, light is re?ected in the Wiring 6037 even if the 
light is transmitted through the anode 6033. As for the 
cathode 6035, a knoWn material can be used as in FIG. 8A 
as long as it is a conductive ?lm having a loW Work function, 
and the ?lm is formed thin enough to transmit light. For 
example, Al having a thickness of 20 nm can be used for the 
cathode 6035. The light emitting layer 6034 may include a 
single layer or multiple layers as in FIG. 8A. Although the 
anode 6033 is not required to transmit light, it can be formed 
by using a transparent conductive ?lm as in FIG. 8A. 

The overlapped portion of the anode 6033, the light 
emitting layer 6034, and the cathode 6035 corresponds to the 
light emitting element 6032. In the case of the pixel shoWn 
in FIG. 8B, light emitted from the light emitting element 
6032 is transmitted to the cathode 6035 side as shoWn by an 
outline arroW. 
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Embodiment 3 

Referring noW to FIG. 9, a cross-sectional structure of a 
pixel of the light emitting device according to the invention 
is described. FIG. 9 shoWs a driving transistor 9001 formed 
on a substrate 9000. The driving transistor 9001 is covered 
With a ?rst interlayer insulating ?lm 9002. On the ?rst 
interlayer insulating ?lm 9002, a color ?lter 9003 formed of 
a resin and the like is formed, and a Wiring 9004 Which is 
electrically connected to the drain of the driving transistor 
9001 through a contact hole is formed thereon. 
A second interlayer insulating ?lm 9005 is formed on the 

?rst interlayer insulating ?lm 9002 so as to cover the color 
?lter 9003 and the Wiring 9004. Each of the ?rst interlayer 
insulating ?lm 9002 and the second interlayer insulating ?lm 
9005 may be formed by depositing silicon oxide, silicon 
nitride, or silicon oxynitride in a single layer or laminated 
layers by plasma CVD or sputtering. It is also possible to use 
a silicon oxynitride ?lm in Which a mole fraction of oxygen 
is higher than that of nitrogen is laminated over a silicon 
oxynitride ?lm in Which a mole fraction of nitrogen is higher 
than that of oxygen as the ?rst interlayer insulating ?lm 9002 
or the second interlayer insulating ?lm 9005. Alternatively, 
an organic resin ?lm may be used as the ?rst interlayer 
insulating ?lm 9002 or the second interlayer insulating ?lm 
9005. 
On the second interlayer insulating ?lm 9005, a Wiring 

9006 Which is electrically connected to the Wiring 9004 
through a contact hole is formed. A part of the Wiring 9006 
functions as an anode of a light emitting element. The Wiring 
9006 is formed so as to overlap With the color ?lter 9003 
With the second interlayer insulating ?lm 9005 interposed 
therebetWeen. 

In addition, an organic resin ?lm 9008 is formed over the 
second interlayer insulating ?lm 9005 so as to function as a 
bank. The organic resin ?lm 9008 has an opening, and a light 
emitting element 9011 is formed by overlapping the Wiring 
9006 Which functions as an anode, a light emitting layer 
9009, and a cathode 9010 through the opening. The light 
emitting layer 9009 has a single light emitting layer or 
multiple layers including a light emitting layer. It is also 
possible to form a protective ?lm over the organic resin ?lm 
9008 and the cathode 9010. In this case, the protective ?lm 
is formed of a ?lm that alloWs substances that may cause the 
deterioration of the light emitting element such as moisture 
and oxygen to penetrate With di?iculty in comparison With 
other insulating ?lms is used. Typically, a DLC ?lm, a 
carbon nitride ?lm, a silicon nitride ?lm formed by RF 
sputtering, or the like is preferably used. Also, it is also 
possible to form a protective ?lm by laminating the afore 
mentioned ?lm that alloWs substances such as moisture and 
oxygen to penetrate With di?iculty and a ?lm that alloWs 
substances such as moisture and oxygen to penetrate easier 
in comparison With the former ?lm. 

Before the light emitting layer 9009 is formed, the organic 
resin ?lm 9008 is heated in a vacuum atmosphere in order 
to remove adsorbed moisture, oxygen, and the like. Speci? 
cally, heat treatment is applied in a vacuum atmosphere at a 
temperature of 100 to 2000 C. for about 0.5 to 1 hour. The 
vacuum is desirably set at 3x10‘7 Torr or less, and, if 
possible, most desirably at 3x10“8 Torr or less. In the case 
of depositing a light emitting layer after applying heat 
treatment onto an organic resin ?lm in the vacuum atmo 
sphere, the reliability can be further enhanced by maintain 
ing the light emitting layer in the vacuum atmosphere until 
immediately before the deposition. 
As for an end portion of the opening of the organic resin 

?lm 9008, it is desirable to be formed roundish so that the 












